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Antimicrobial susceptibilityAbstract This work aimed to study the pathogenicity and to investigate the antimicrobial suscep-
tibility and resistance patterns of Helicobacter pullorum (H. pullorum). The minimum inhibitory
concentration (MIC) value of ciproﬂoxacin, ampicillin, gentamycin, erythromycin, colistin sulfate
and tetracycline was determined for eight different H. pullorum isolates. H. pullorum resulted into
33.3% mortality of infected chickens with signs of diarrhea, stunted growth and poor conversion
rate in survivors. All experimentally infected embryonated chicken eggs showed embryonic mortal-
ities within 48-h post yolk sac inoculation. H. pullorum was re-isolated from cecum, liver, yolk sac
and air-sacs of all dead and sacriﬁced infected chickens. H. pullorum was also re-isolated from dead
embryos, embryonic membranes and ﬂuids of infected embryonated chicken eggs. Polymerase
Chain Reaction (PCR) assay was used to detect H. pullorum in experimentally infected chickens
and embryonated chicken eggs. All tested H. pullorum isolates were resistant to ciproﬂoxacin, gen-
tamycin and erythromycin, while 7 out of 8 isolates were resistant to tetracycline. All isolates were
susceptible to colistin sulfate and ampicillin.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Faculty of Veterinary Medicine, Cairo
University.1. Introduction
Helicobacter species is a group of taxonomically related Gram-
negative, microaerophilic bacteria, some of which are patho-
genic and known to colonize the gastrointestinal and biliary
tracts of many animal species. These pathogens are generally
separated into two groups, gastric and enterohepatic, based
on their preferred site of colonization [19]. During the last dec-
ade, Enterohepatic Helicobacter Species (EHS) have gained
recognition in the ﬁeld of emerging infectious pathogens [7].
Infection with this group of micro-organisms is generally char-
acterized by colonization of the distal gastrointestinal tract
and, in selected cases, the biliary tree. As reported for the gas-
tric pathogen Helicobacter pylori, gastrointestinal colonization
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plasia [8,10,22].
Helicobacter pullorum is an EHS, which was ﬁrst isolated
by Stanley et al. [19] from the feces of diarrheic humans
and the intestinal contents and livers of chickens. The organ-
ism is suspected to cause vibrionic hepatitis in chickens. Infec-
tion with this organism is most often associated with farm
raised birds, including chickens, Turkeys and Guinea fowl
[16,19]. In one report, H. pullorum was isolated from human
feces three months following the patients’ initial presentation
with diarrhea [20]. In another case, H. pullorum was isolated
from the feces of a male with diarrhea and elevated liver en-
zymes [3]. H. pullorum has also been identiﬁed by PCR in hu-
mans with inﬂammatory bowel disease, hepatitis, cholecystitis
and hepatocellular carcinoma [4,9,18,21]. A recent report
identiﬁed an association between EHS and Crohn’s disease,
with H. pullorum being one of the most prevalent EHS iden-
tiﬁed [13].
Despite the frequent occurrence of H. pullorum in chickens
and its possible association with hepatoenteric disease, the
interactions of H. pullorum with its natural host have not yet
been studied [6]. In addition, there is little information in the
literature about H. pullorum antibiotic resistance [5].
The aim of the present work is to study the pathogenicity of
H. pullorum by experimental infection of one day-old chicks
and embryonated chicken eggs and to investigate the antimi-
crobial susceptibility and resistance patterns of the organism
by minimum inhibitory concentration technique.
2. Materials and methods
2.1. Experimental infection in one-day old chicks
2.1.1. Chickens and H. pullorum isolates
Fifty-two, one-day old chicks were kept separately and fed on
antibiotic free ration in cleaned and disinfected isolation units.
All chicks were examined clinically. Pooled cloacal swabs were
collected from examined chicks and isolation trials of the path-
ogen were done with special reference to H. pullorum to ensure
their freedom of infections.
H. pullorum isolates (broth cultures were adjusted to 1011
colony-forming units (CFU)/ml) biochemically identiﬁed and
conﬁrmed by PCR at the Laboratory of Poultry Diseases
Diagnosis, Faculty of Veterinary Medicine, Assiut University
[11] using the method described by Stanley et al. [19]. The stan-
dard plate count method technique [2], with slight modiﬁcation
was used to adjust the number of H. pullorum per milliliter in
the inoculated brain heart infusion (BHI) broth.
2.1.2. Experimental design
Fifty-two, one-day old chicks were randomly divided into two
groups; ﬁrst group was thirty-nine chicks, were inoculated with
H. pullorum isolates via gavages (forced feeding). Each chick
received a 200 ll of BHI broth containing 1011 CFU of H. pul-
lorum organism/ml [19]. The second group was thirteen chicks,
were inoculated with sterile BHI broth via gavages and kept as
a non-infected negative control. All infected and control chicks
were observed daily for clinical signs. By the end of experiment
(40th day of age), survived infected and control chickens were
sacriﬁced and subjected for necropsy and bacteriological
examination.2.2. Experimental infection in embryonated chicken eggs
2.2.1. Embryonated chicken eggs and H. pullorum isolates
Seventy, six-day-old embryonated chicken eggs were used. Five
randomly selected differentH. pullorum isolates (broth cultures
were adjusted to 1010 CFU/ml) previously identiﬁed [11].
2.2.2. Experimental design
Ten embryonated chicken eggs were randomly selected from
the total number for bacteriological isolation with special
attention for H. pullorum to ensure their freedom of patho-
genic infections. The embryonated chicken eggs were classiﬁed
into six groups; each one contained ten embryonated chicken
eggs. Five groups were inoculated with ﬁve different H. pullo-
rum isolates via yolk sac route of inoculation. Each embryo-
nated chicken egg was inoculated with 0.2 ml of BHI broth
culture containing 1010 CFU of H. pullorum organism/ml.
The 6th group was inoculated with sterile brain heart infusion
broth via yolk sac and kept as a negative control group. All in-
fected and control embryonated chicken eggs were incubated
at a temperature 37 C and humidity 70% with manual turning
twice per daily. All infected and control embryonated chicken
eggs were daily observed by candling for embryonic mortality.
2.3. Isolation of H. pullorum
2.3.1. Sampling
Necropsy of dead/sacriﬁced, infected and control chickens was
done and tissue samples of cecum, liver, yolk sac and air-sacs
were collected for bacteriological isolation. In addition, dead
embryos, embryonic ﬂuids and sacs were collected from
embryonated chicken eggs.
2.3.2. Isolation
Samples were inoculated into brain heart infusion (BHI) broth
containing 10% sterile inactivated horse serum and Skirrow’s
supplement (Oxoid LDT, Biolife, Sydney, Australia) then
incubated in a microaerophilic condition (5% H2, 5% CO2,
5% O2, and 85% N2) in CampyPak II anaerobic system jar
with CampyPak gas generating system envelopes (BBL Becton
Dickinson Microbiology Systems, Sparks, USA) or in CO2
incubator with the same gases in same proportions at 42 C
for 24–48 h. Sub-culturing was carried out on (BHI) agar
plates enriched with 5–10% sheep blood and containing Skir-
row’s supplement and incubation at 42 C for 48 h under a
microaerophilic atmosphere. The cultured plates were exam-
ined for typical H. pullorum colonies.
2.4. PCR analysis and gel electrophoresis
DNA was extracted from randomly selected H. pullorum colo-
nies retrieved from infected chickens and embryonated chicken
eggs, using QIAamp DNA mini extraction kit (Qiagen, Ger-
many) according to the manufacturer’s instructions. Species
identiﬁcation was conﬁrmed using the H. pullorum species-spe-
ciﬁc 16S rRNA gene PCR assay [19]. In brief, the primer se-
quences were: 5-ATG AAT GCT AGT TGT TGT CAG-3
(forward) and 5-GAT TGG CTC CAC CAC TTC ACA-3 (re-
verse) (Bioneer incorporation Daejaon 306-220, Korea). The
parameters for all reactions were described in the following
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Fig. 1 Showing number of deaths of experimentally infected
chicks with H. pullorum infection per day post infection.
74 A.K. Hassan et al.proﬁle; initial denaturation at 94 C for 3 min followed by 35
cycles of denaturation at 94 C for 45 s, annealing at 56 C
for 30 s and extension for 1.5 min at 72 C. The ﬁnal extension
took 10 min at 72 C. The PCR product (448 bp) was seen by
electrophoresis in a 1.5% agarose gel stained with ethidium
bromide (Sigma–aldrich, Missouri, USA) for visualization per-
formed in a horizontal gel chamber plate. The running buffer
was 0.5· TBE (Tris borate EDTA (pH 8.3). The 1 kb plus
DNA ladder (Invitrogen, California, U.S.A.) was used as a ref-
erence standard molecular weight marker. A gel documenta-
tion system (Biometra, Goettingen, Germany) with a digital
camera was used for image capturing.
2.5. Determination of antimicrobial susceptibility and resistance
patterns of H. pullorum using MIC
2.5.1. H. pullorum isolates and antimicrobial agents
Eight randomly selected different H. pullorum isolates (broth
cultures were adjusted to 106 CFU/ml) previously identiﬁed
[11]. The standard plate count method technique [2], with
slight modiﬁcation was used to adjust the number of H. pullo-
rum per milliliter in the inoculated BHI broth.
The MIC value of ciproﬂoxacin, ampicillin, gentamycin,
erythromycin, colistin sulfate and tetracycline was determined.
All antimicrobial agents were purchased from Sigma (Mis-
souri, USA), except for ciproﬂoxacin, which was obtained
from Bayer AG (Leverkusen, Germany).
2.5.2. Antimicrobial susceptibility testing
It was carried out by broth micro-dilution method using mi-
cro-titer plates [12]. The antibiotic concentrations ranged from
0.25 to 256 lg/ml. Since there are no break-points currently
available for H. pullorum, we tentatively used Enterobacteria-
ceae break-points as described by the Clinical and Laboratory
Standard Institute (CLSI, formerly NCCLS) for Campylobac-
ter jejuni and related species [15].
3. Results
3.1. Clinical signs, mortalities and necropsy ﬁndings
A total 13 out of 39 chickens were infected via gavages by H.
pullorum isolates died from 4th to 9th -day post infection as
summarized in Table 1 and Fig. 1. Chickens died at 4th-day
post infection did not show any clinical signs while signs of loss
of appetite, depression, rufﬂed feathers, anorexia and yellow-
ish-white diarrhea were observed in chickens found dead from
other days post infection. Necropsy of dead chickens revealed
distended abdomen, unabsorbed yolk sac with severe conges-
tion and dark yellow to brown contents, enlarged and con-
gested liver with streaks of hemorrhage, distended ceca with
frothy yellowish exudates, mild ﬁbrinous pericarditis and air-Table 1 Showing results of experimental infection of one-day old c
Group Inoculated
agent
No. of
chicks
Rout of
inoculation
No. of deaths/day
4th day 5th day 6
Experimental H. pullorum isolates 39 Oral 4 3 2
Control Sterile BHI broth 13 Oral – – –sacculitis, in some cases hydropericardium, perihepatitis and
yellowish gelatinous exudates might be present in abdominal
cavity. Survivor chickens were retarded in growth with a poor
conversion rate. They expressed symptoms of weakness,
depression, loss of appetite, diarrhea and mild respiratory
signs. Necropsy of scariﬁed survivors showed emaciated car-
casses with prominent keel bone, enlarged, friable and hemor-
rhagic liver, mild ﬁbrinous pericarditis and air-sacculitis,
congested intestine with small patches of hemorrhage and ul-
cers on the intestinal mucosa, distended ceca with frothy exu-
dates, and some chickens developed ascites; some chickens
retained unabsorbed yolk sac, and pneumonia might be found
in some cases. No mortalities, clinical signs or necropsy ﬁnd-
ings were observed in chickens of the negative control group.
All embryonated chicken eggs of the six experimentally in-
fected groups showed embryonic mortalities 48-h post yolk sac
inoculation, while no embryonic mortalities in the negative
control group.
3.2. Isolation of H. pullorum
Randomly selected chicks for clinical and bacteriological
examination were free from any infectious pathogen, including
H. pullorum. Also, trails for isolation of pathogens from ran-
domly selected embryonated chicken eggs were negative for
H. pullorum and other pathogens. H. pullorum was re-isolated
from cecum, liver, yolk sac and air-sacs of all infected dead
chickens and scariﬁed survivors. No H. pullorum was isolated
from control chickens. H. pullorum was re-isolated from dead
embryos, embryonic ﬂuids and sacs. No H. pullorum was iso-
lated from the control group of embryonated chicken eggs.hicks with H. pullorum isolates.
post infection Total no.
of deaths
No. of
survivors
Mortality
percentage (%)
th day 7th day 8th day 9th day
2 1 1 13 26 33.3
– – – – 13 00.0
Fig. 2 PCR positive reaction from H. pullorum isolates to 16S-rRNA gene. Lane M: 1 Kb plus DNA ladder.
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Fig. 3 Showing percentage of resistant isolates of H. pullorum
for each antibacterial drug used in the experiment.
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The results of PCR analysis of suspected H. pullorum isolated
from experimentally infected chickens, and embryonated
chicken eggs are shown in Fig. 2. Results revealed the appear-
ance of 448 bp bands denoting the positive ampliﬁcation of
16SrRNA for all tested isolates.
3.4. Antimicrobial susceptibility testing
Determination of antibacterial susceptibility and resistance
patterns of H. pullorum using MIC for six antibiotics; cipro-
ﬂoxacin, gentamycin, colistin, tetracycline, erythromycin and
ampicillin against different eight H. pullorum isolates resulted
in that all isolates were resistant to ciproﬂoxacin, gentamycin
and erythromycin, while 7 out of 8 isolates were resistant to
tetracycline. All isolates were susceptible to colistin sulfate
and ampicillin, as summarized in Table 2 and Fig. 3.
4. Discussion
H. pullorum is an enterohepatic pathogen with a powerful abil-
ity to colonize the distal intestinal tract, liver of poultry and
human beings. This species has been associated with diarrhea
in gastrointestinal patients and enteritis and hepatitis in chick-
ens [1,9,19,20].
Ceelen et al. [6], who were the ﬁrst to study the pathogenic-
ity of H. pullorum, and they concluded that H. pullorum can
colonize broiler chickens and additionally is excreted in their
feces until the age of slaughter. The preferred colonization siteTable 2 Showing results of susceptibility of 8 chicken isolates of H
Antibiotic No. of isolates with MIC (lg/ml) of:
0.25 0.5 1 2 4 8 16 32 64
Ciproﬂoxacin – – – – – 2 1 5 –
Gentamycin – – – – – – – 4 4
Colistin – – – – – – 4 4 –
Tetracycline – – – – – – 1 4 3
Erythromycin – – – – – – 2 2 4
Ampicillin – – – – – 2 – 6 –is the cecum wherein the bacterium shows close association
with the surface epithelium. Experimentally infected chickens
did not reveal overt clinical signs, although mild lesions in
the ceca were present. This study is only a ﬁrst step in the
investigation of the interaction of H. pullorum with its chicken
host and stipulates further research [6]. The pathogenicity of
chicken H. pullorum isolates in this work was evaluated by oral
inoculation of one day-old chicks, our results revealed 33.3%
mortality with signs of diarrhea, retardation of growth and. pullorum to antimicrobial agents.
Break-point of
drug resistance
No. of resistant
isolates
% of resistant
isolates (%)
128 256
– – P4 8 100
– – P16 8 100
– – P32 – 0
– – P16 7 87.5
– – P8 8 100
– – P32 – 0
76 A.K. Hassan et al.poor conversion rate in survivors. The differences in results of
mortalities, clinical signs and autopsy ﬁndings may be attrib-
uted to many factors, like the difference in the age at which
infection performed, dose of inoculation and period of exper-
imental infection.
The present study was the ﬁrst one that evaluated the path-
ogenicity of H. pullorum using the embryonated chicken eggs
as an experimental model, and it is found that all infected
embryonated chicken eggs showed embryonic mortalities with-
in 48-h post yolk sac inoculation. This means that there is no
variation in the pathogenicity of different H. pullorum chicken
isolates.
H. pullorum was re-isolated from cecum and colon of exper-
imental chickens with different bacteriological titrations, but it
could not be isolated from liver tissue of experimentally in-
fected chickens [6]. In the current study, H. pullorum was
re-isolated from cecum, liver, yolk sac and air-sacs of all exper-
imental dead and sacriﬁced chickens. H. pullorum was also
re-isolated from dead embryos as well as from embryonic
membranes and embryonic ﬂuids. The differences in results
may be due to using different methods of isolation and age
of infection.
PCR analysis was used to detect H. pullorum from liver,
jejunum, cecum and colon of experimentally infected chickens
[6]. In our study, PCR assay was used to detect H. pullorum
from H. pullorum colonies retrieved from experimentally in-
fected chickens and embryonated chicken eggs.
Despite the increasing number of reports emphasizing the
signiﬁcance of H. pullorum, hardly any data about the antibi-
otic sensitivity of H. pullorum are available in the literature
[5]. They mentioned that different resistance percentages
exhibited by H. pullorum to nalidixic acid were encountered
by several research groups. On et al. [17] and Atabay et al.
[1] reported 6% and 28% in vitro resistance respectively, while
antimicrobial susceptibility assays showed 55% resistance to
this antimicrobial agent among the tested strains in a study
of Melito et al. [14]. Thus far, no susceptibility studies com-
prising widely used antibiotics with H. pullorum strains have
been reported [5]. It was reported that H. pullorum is resistant
to cephalothin and cefoperazone [17,19]. H. pullorum is natu-
rally sensitive to polymyxin B, which is a phenotypic charac-
teristic distinguishing this species from the other Helicobacter
species [1]. Zanoni et al. [23] concluded that all the tested iso-
lates of H. pullorum were resistant to cephalothin and all but
one susceptible to nalidixic acid [23]. The results of the pres-
ent study proved that H. pullorum isolates were resistant to
most antibacterial drugs used in that study. It could be in-
ferred that ampicillin and/or colistin sulfate is the drugs of
choice that can help in prevention and control of H. pullorum
infection in chickens. Variation in results of determination of
antimicrobial susceptibility and resistance patterns of H. pul-
lorum may be due to several factors, from which; method used
for determination, types of antimicrobial drugs used, types
and doses of prophylactic antimicrobial drugs used in poultry
farms.
In conclusion, H. pullorum resulted into 33.3% mortality
with signs of diarrhea, stunted growth and poor conversion
rate in survivors. All experimentally infected embryonated
chicken eggs showed embryonic mortalities within 48-h post
yolk sac inoculation; this means that there is no variation in
the pathogenicity of H. pullorum isolates. H. pullorum was
re-isolated from cecum, liver, yolk sac and air-sacs of all deadwith sacriﬁced chickens with dead embryos, embryonic mem-
branes and ﬂuids. PCR assay was used to detect H. pullorum
from experimentally infected chickens and embryonated chick-
en eggs. All tested isolates of H. pullorum were resistant to
ciproﬂoxacin, gentamycin and erythromycin, while 7 out of 8
isolates were resistant to tetracycline. All isolates were suscep-
tible to colistin sulfate and ampicillin.
We certify that we handled the chickens and chicken
embryonated eggs during our experimental work in
accordance with The Code of Ethics of the World Medical
Association for experiments.Acknowledgments
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